The ear mite "Psoroptes cuniculi" is the main cause of ear mange, a highly contagious parasitic skin disease in rabbits all over the world. In the current work, a preliminary therapeutic trial to study the effect of the broad use acaricides doramectin and ivermectin on P. cuniculi was performed on artificially infested rabbits.
Introduction
Ear mange caused by Psoroptes cuniculi is a common parasitic disease worldwide in domestic rabbits (White et al. 2002) . Psoroptes mites are cosmopolitan ectoparasites that infest several mammalian hosts; the ear mite, P. cuniculi, is a highly contagious mite which mainly affects the rabbit and usually lives inside the ear pinnae, where it reproduces in a quick life cycle (Burke 1992, Harkness and Wagner 1997) . P. cuniculi infestation also causes reduction of body weight and may result in death, as it feeds on serous exudate, skin secretions and blood, causing pruritis in untreated rabbits, with the formation of crusts and scabs (Bates 1999 , Beck 2000 , Wall and Shearer 2001 . In addition, P. cuniculi can spread to other parts of the body of the host, causing a generalized pruritis and crusting dermatitis of the head and neck (Hughes 2004) , ventral abdomen and urogenital regions (Wall and Shearer 2001) . Furthermore, it is zoonotic parasite as it can easily infest human beings (Burke 1992 , Harrenstien et al. 1995 , Acaret al. 2007 .
The choice of an effective acaricidal drug is an important question for all veterinarians as well as rabbits holders, to combat the serious problem of mite infestation. The cost, efficacy, toxicity and application method of the acaricidal drug should be taken into account in selecting treatment for ear mange in rabbits. Multiple drugs and therapeutics can be used in treatment of ear mange such as ivermectin (Bowman et al. 1992 , Kurade et al. 1996 , doramectin (Narayanan et al. 2004 , Kanbur et al. 2008 ), selamectin (McTier et al. 2003 , Farmaki et al. 2009 ) and moxidectin (Wagner and Wendlberger 2000) ; all these drugs in various doses and several routes of delivery have been reported to be effective against P. cuniculi in rabbits.
The aim of the present study was to carry out a preliminary trial to assess the therapeutic effect on P. cuniculi infestation of two commonly used acaricidal agents (doramectin and ivermectin), in order to find a safe, convenient and easily applicable treatment to control this highly contagious parasitic skin disease.
Materials and Methods
Collection and quantification of the adult mite of P. cuniculi
Live P. cuniculi mites were collected from naturally infested rabbits in the Kafrelsheikh Governorate, Egypt. Infestation was identified by macroscopic lesions and confirmed through microscopic examination, selecting and counting P. cuniculi with a mobility and morphology coincident with those described in earlier studies (Lekimme et al. 2006 , Bowman 2009 ).
Experimental design and treatment strategy
Twenty five adult New Zealand white rabbits of the same age were used in these experiments. The rabbits were kept under farm conditions, at room temperature (15-25 o C). All rabbits were healthy and fed on balanced rations and had a clean source of water ad libitum.
Ethical approval
The sampling procedures adhered to institutional ethical and animal care guidelines, and all methods were conducted in accordance with the Guide for the Care and Use of Laboratory Animals.
Experiment procedures
After one week of purchasing and housing of rabbits, experimental infestation was carried out by placing previously collected live mites in the ear conduct (100 mites/ear), which was occluded with cotton held with tape (Siegfriedet al. 2004 , Calleros et al. 2013 . To confirm that the rabbits were infested with the mites, microscopic examination of ear swabs of the external ear canal mixed with mineral oil from each rabbit was carried out. During the course of the experiment, all rabbits were observed carefully and weighed daily.
Rabbits were assigned randomly into five groups (5 rabbits each). Each rabbit in all groups was experimentally infested. Rabbits in the first group underwent the same procedure, excluding application of treatment. This group (G1) was the positive control group.
The second and third groups (G2 & G3) were treated with doramectin (Dectomax ® , Pfizer, Egypt)
200 μg/kg bw and 400 μg/kg bw delivered by subcutaneous injection, respectively. Finally, groups G4 & G5 were treated by dressing with ivermectin (Iverzine ® lotion 1%, Unipharma, Egypt) delivered topically by spot-on in one dose and 2 doses with a 1 week, respectively. After 3 weeks of experimental infestation, the tested drugs were applied as mentioned above (i.e. 0 day post treatment). After therapy, all rabbits were examined microscopically on the 7 th , 14 th , and 28 th day post treatment. To calculate the efficacy of the experiment, the number of live mites (larvae, nymphs, and adults) on each rabbit was counted at the end of the experiment (i.e. 28 th day post treatment).
Statistical analysis
Statistical analysis was performed using SPS software (SPS, 2007) to assess the presence of statistically significant differences in the therapeutic effects of the treatments used.
We corrected for significance values using Duncan's multiple range test (Gomez and Gomez 1984) . Statistical significance was set at p<0.01.
The efficacy of the treatment with doramectin injection and ivermectin spot-on was calculated using the formula below:
Efficacy % = Mean of MPG from GC -Mean of MPG from GT × 100
Mean of MPG from GC Where: MPG: Mites per gram of crust, GC: control group, and GT: treated group.
The efficacies were categorized as: highly effective when Efficacy % > 98%; effective when 90-98%; moderately effective 80-89%; and insufficiently effective < 80% (Ordination 79/1996 MERCOSUL, GMC, 1996 : In Holsback et al. 2016 .
Results
After the infestation of P. cuniculi mites was established successfully, clinicopathological features of ear mange infestation were observed in all infested groups (G1 to G5). These features were restlessness, severe inflammation and irritation of the ear pinna, and accumulation of a yellowish brown, sour smelling discharge leading to crust and ulcer formation (Fig. 1) . Severe itching and head shaking to get rid of the discharge was evidenced and documented. In cases of severe mite infestation, torticollis, oblique position and the turning in a circular direction of the afflicted rabbit was apparent, due to the mites penetrating the inner ear and the base of the brain.
This was manifested most clearly in the infested but untreated control positive group (G1). Artificial infestation was confirmed microscopically by demonstration of P. cuniculi in ear swabs from infected groups.
There was little amelioration of the mites in rabbits treated with doramectin at a single dose of 200 μg/kg bw/ by subcutaneous injection (G2). This appeared from the number of living mites. However, doramectin administered at a dose of 400 μg/kg bw (G3) significantly reduced the number of mites, which became scare (Table1). No mortality occurred and there were no adverse effects in performance or in body weight in both groups treated with doramectin.
Finally, rabbits treated topically with locally applied ivermectin lotion (Iverzine1%) in a single application (G4) or 2 applications with 1 week interval (G5) exhibited a marked decrease in the number of mites, which were reduced to zero in group G5 (Table 1) . No mortality or adverse effects occurred, either in rabbits' performance or in their body weight, in the groups that were treated with ivermectin. Means designated by the same letter are not significantly different at 5% level using Duncan's multiple range test. * G1 = infected and non-treated control, G2 = infected and treated by doramectin subcutaneous injection at a dose 200 μg/kg bwt, G3 = infected and treated by doramectin subcutaneous injection at a dose 400 μg/kg bwt, G4 = infected and treated by ivermectin local dressing once, and G5 = infected and treated by ivermectin local dressing twice at 1 week interval.
Discussion
The ear mite P. cuniculi is a universal ectoparasite frequently found on rabbits. Lesions are usually restricted to the ears, but without proper medication and control, these ectoparasites may spread vigorously (Saunders, 1979) . In the persent study, a preliminary experiment was performed to investigate the effect of doramectin (s/c injection) and ivermectin (topical dressing) on P. cuniculi in experimentally infested rabbits.
The avermectins are a group of potent, broad spectrum antiparasitic drugs that act as an agonist of the GABA (gamma -aminobutyric acid) neurotransmitter in nerve cells. Avermectins also bind to glutamate-gated chloride channels in the nerve and muscle cells of invertebrates. In both cases, the drug blocks the transmission of neuronal signals of the parasites and causes paralysis and death of the parasites (Chabala et al. 1980 , Albers-Schoenberg et al. 1981 .
Doramectin is a highly effective acaricidal drug when applied subcutaneously, in a dose of 200 μg/kg bw for treatment of P. cuniculi infestation (Narayanan et al. 2004 , Voyvoda et al. 2005 , Kanbur et al. 2008 and also when applied in a dose of 400 μg/kg bw (Kaya et al. 2010 ). In our experiment, doramectin was used in 2 doses of 200 μg/kg body weight and 400 μg/kg bw as recommended. The findings showed that using 200 μg/kg bw for the treatment of P. cuniculi infestation is not effective for the complete elimination of mites. The findings show that using 400 μg/kg bw is more effective than using the lower dose (200 μg/kg bw). This was apparent from the number of mites eliminated, as shown in Table 1 . No adverse effect was observed in doramectin-treated groups during the whole course of the experiment. It is concluded that using doramectin in a dose of 400 μg/kg bw is the recommended dose for treatment of P. cuniculi infestation in rabbits.
The topical application of acaricidal drugs like ivermectin and salamectin in order to treat P. cuniculi infested rabbits is an effective and convenient method (McTier et al. 2003 , Kurtdedeet al. 2007 , Fisheret al. 2007 , El-Abasyet al. 2008 . The results of the present study confirm that a single topical application of ivermectin 1% spot-on can completely eliminate mites from rabbits infested with P. cuniculi (i.e.G4). Our results show that no live ear mites were recovered from any ivermectin spot-on treated rabbits in group G5, while all control rabbits (G1) remained infested with P. cuniculi mites. This result agrees with the results of (El-Abasyet al. 2008 , Kaya et al. 2010 . Moreover, the topical application of ivermectin did not negatively affect the rabbits' performance or body condition, nor did it cause any mortality in the treated rabbits. It is found to be easier and safer to deliver the drug by local application, like ivermectin, than by subcutaneous injection, like doramectin.
In conclusion: this study was a preliminary trial to treat rabbits experimentally infested with P. cuniculi by two drugs of different methods of application; doramectin by subcutaneous injection and ivermectin by local topical application. Further experiments and investigations on acaricidal therapeutics against rabbit mange are highly encouraged to test its efficacy and side effects.
